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ABSTRACT 

The reaction of l,l-diphenylethylene with AICIR in CHpCI 9 at 
low temperature in the presence of small amounts of ~ater (~re~ent 
as residuai impurity or deliberately added) occurs in two succes- 
sive stages : a very rapid reaction cocatalysed by water and a 
slower one resulting from a direct (bimolecular) in i t iat ion. The 
stoichiometry of the reaction involving water has been determined : 
3 H20 and 6 AICl^ are necessary to form 4 carbocations. 

In the sam~ conditions, hydrogen chloride has no influence 
either on the extent of the f i r s t  stage or on the yield and the 
rate of the second stage. 

INIRODUCTION 

I , I  diphenylethylene (DPE) is a suitable monomer to study 
the mechanisms of in i t iat ion in cationic polymerizations. At low 
temperatures, the in i t iat ion by Lewis acids as well as by proto- 
nic acids is faster than the propagation which is limited to a di- 
merization. The carbocations are stable and the ini t iat ion rate 
may be derived from spectrophotometric measurements I l l  . 

In a f i r s t  investigation on the kinetics of ini t iat ion by 
aluminum chloride in dichloromethane, we found that the in i t iat ion 
could be divided in three successive stages 12i. lhe f i r s t  one, 
very fast, was attributed to a cocatalytic reaction due to resi- 
dual impurities. The second stage was assigned to a direct bimole- 
cular reaction between the olefin and the metal halide and the 
third stage, much slower than the second, received only speculative 
interpretations : slow degassing of cocatalyst or slow ini t iat ion 
by AICI2R. As this stage has been also observed with the same rate 
in the case of TiCl a and CF̂ SO~H ini t iators,  i ts signification 
should be reexamined as wil~ b~ done in a following paper. 

We present now more detailed results on the cocatalytic ef- 
fect of water and hydrogen chloride. 

EXPERIMENTAL 

l,l-diphenylethylene, dichloromethane and aluminum chloride 
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were purified and stored in sealed tubes equipped with break- 
seals 121. 

Hydrogen chloride was dried over PpO~ and distributed in 
phials containing known amounts at pres~uFe sl ightly lower than 
l atm. One phial was broken under vacuum above the AICI 3 solution 
cooled at the experiment temperature. A f t ~ d e l a y  of some ml- 
nutes in order to reach the vapour-solution equilibrium, a phial 
containing DPE immersed in the solution was broken to start the 
reaction. 

Solutions of water in CH~CÎ  were titrated by nmr and used 
to prepare phials of DPE solutio~ which were broken inside the 
AICl~ solution, so introducing simultaneously monomer a--6-J coca- 
taly~t. 

RESULTS 

Cocatalysis by water 
Even in the most drastic conditions of purity, the in i t ia-  

tion_~f DPE by AICl R involved a f i r s t  step, very fast, leading to 
3.10 M. l "  of car~ocations, independently of the concentrations 
of reactants and of the temperature. This step, which could be re- 
duced by working in a smaller apparatus, was assigned to a cocata- 
lyt ic effect ot residual impurities such as water adsorbed on the 
walls. Therefore, we examined in some detail the effect of added 
water on the extent of the f i r s t  step. Water and DPE were mixed 
in the same phial so that they were introduced simultaneously into 
the AlCl~ solution. The ratio of added water to AICI~ ranged from 
0.24 to ~.95 (Table I and Fig. l ) .  In experiment 4, ~he fast step 
was complete in less than one minute and was not followed by a 
second one. Thus the ratio IHpO~/IAICIRI corresponded exactly to 
the stoichiometry of the coca~alysed r~action. 

Let us write the reaction : 

H20 + x AICl 3 + DPE Y R + 

where x = IAICl31o/IH2OIt and y = IR+II/IH2OIt 
+ 

1R IT is the concentratlon of carhocations formed during stage I 
A D and IH~OI+ = IH~OI:Ad~A + 3.10" /y, i.e. the sum of added wa- 

ter p~u~ tBe res~du~T ~ t e r  responsible for the formation of ca. 
3.10 -~ M of carbocations in the purest conditions. From experi- 
ment 4, y was found equal to 1.31 and x = 2.05. 

In experiment 3, the ratio I AIclRIo/IH,OI was hi gher than 
2 and the cocatalysed reaction was foTlowedZbyta slow reaction 
attributable to a direct ini t iat ion by AICl 3 in excess (stage I I ) .  
For this experiment y was equal to 1.36. 
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Fi B . l : Kinetics of carbocation formation at -30 ~ in the system 
DPE-AlCI3-H20-CH2Cl 2. 

Figure 2 shows a plot of the number of carbocations formed 
in stage I per water molecule versus the rat io IAICI~Io/IH~OI+. 
I t  is clear that this number of carbocations is direct ly p~opOr- 
tional to AICl~ concentration when this one is lower than that 
required by the~stoichiometry of the cocatalyzed reaction. On the 
contrary, i t  becomes independent of AlCl~ when the ratio 
IAICI~Io/IH~OI§ is higher than the stoich~ometry (x = 2). Then 
1.34 ~arboc~ti~ns ( i .e.  4/3) are formed for each water molecule 
and the balance of the water-cocatalysed in i t i a t i on  may be wr i t -  
ten : 

+ DPE 
H20 + 2 AICl 3 ~ 4/3 R + (1) 

Thus more than one proton of water may be active in cocataly- 
sis. A similar result has been previously observed in the case of 
TiCl 4 where 1.60 carbocations from DPE were formed per water mole- 
cule 131. 

From the l i terature,  i t  is known that a part ial hydrolysis 
of AlCl 3 yields AICI2(OH ) and AICI(OH)2 141. On the other hand, 
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trialkylaluminum leads to tetraalkylaluminoxane R~AI-O-AIR 2 151 and 
TiCl 4 in dioxane to Cl^Ti-O-TiCl~ 161 . A very interesting observa- 
tion has been reportedJby Brown ~nd ~earsall 171. They found that, 
during hydrolysis of solid AICl~ by water in the vapour phase, hydro- 
gen chloride evolved in the proportion of 1.4 moles per water mole, 
a value strikingly close to our value of 1.33 carbocations per water 
molecule. 

1.5 

l.O 

0.5' 

/ 
0 

. 

0 l 

' 0  " 

,,,,,,,,,,,, 

2 3 4 

I AICI 31 o/I H20 )to t 

Fig. 2 : Relative yield of i n i t i a l l y  formed carbo- 
cations IR+rl/IH20)tot as a funct4on of the 

ratio )AlCl31o/IH2Oltot. 

The simplest way to write the partial hydrolysis of 2AICl 3 
by I HpO is to form the corresponding tetrachloroaluminoxane 
Cl̂ AlOAlCl In order to reconcile with equation (1), one may 
wr~te : 2' 

6 AlCl 3 + 3 H20 ..... ~ 3 CI2AIOAICI2(+ 6 HCl) 

However, 4 HCl only may become active since 4 R + are for- 
med starting from 6 AlCl 3. One possible explanation would be 
that the tetrachloroalumlnoxane associate rapidly, giving ag- 
gregates with a lower number of empty orbitals, for example : 

3 CI2AI-O-AICI2~(CI2AI)zO...AICI2-O-AICI2...O(AICI2)2 
Such a species has only 4 free orbitals, and may complex 
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4 Cl , giving 4 active protons and then 4 carbocations. 

In experiment 6, there was a large excess of water with res- 
pect to the stoichiometry and the carbocations formed were destroyed 
very rapidly (Fig. l ) .  In Experiment 5, with a smaller excess of 
water, the concentration of carbocations increased slowly after the 
end of stage I and f inal ly reached a plateau. As AICIR had been en- 
t i re ly  consumed during stage I, the further increase ~f 4.8 IO -~ M 
of carbocations could not be attributed to a direct in i t iat ion as 
in Experiment I. I t  might be due to a slow reaction of water with 
the aluminoxane, the latter compound being s t i l l  weakly active. 

Effect of hydrogen chloride 
Two experlments have been carried out in the presence of dry 

hydrogen chloride at -30 ~ and -58 ~ (Exp. 2 and 8, Table I) .  HCl in 
the vapour phase was introduced into a cold solution of AICl~ and 
a phial of DPE in CHpCI~ was broken inside the solution. The~e ex- 
periments showed that H~l has almost no effect neither on the extent 
of the stage I nor on the yield and the rate in stage I I .  (the rate 
constants k i have been calculated as previously 12m). In the ex- 
periment at -5~ ~ HCI was u~ed in excess, but the extent of the 
f i r s t  stage IR IT = 3.6 IO -~ M fel l  very well within the limits_~b- 
tained in the absence of added cocatalyst+(between Im9 and 4.10 M) 
in the same apparatus. The lower value )R It = l.lO-~ M in the com- 
parative experiment 7 is due to the use of ~ smaller apparatus (des- 
cribed in ref. 2). 

Thus HCI added to AICIR prior to monomer has no cocatalytic 
effect. Accordingly, the effect of water cannot be explained by a 
simple two-step process in which hydrolysis of AICl~ would produce 
HCI acting then as a coinit iator for AICl~. One mus~ assume a con- 
certed mechanism involving the monomer, and also a coordination of 
HCl with a stronger electron acceptor. 

Some conflicting results have been reported on the effect of 
HCl on polymerizations init iated by AICl~. In the case of styrene, 
in CCl A solution, i t  is not a coinitiatoF 18[whereas i t  is a rate 
promoter in the case of isobutene J91 . On the other hand, we found 
that HCI was very active in the case of the system DPE-TiCI4-CH~CI 2 
13J. The reason why i t  behaves differently in these systems is hot 
clear. The difference between the AICl R and TiCla systems (at least 
in the case of DPE) might be due to a ~ossible a~tivation effect of 
HCI on an inactive comnlex of monomer and TiCl4,whereas AICIR would 
not form such a complex and would react directly with the mo~iomer. 

REFERENCES 
I l l  G. SAUVET, J.P. VAIRON and P. SIGWALT, J. Polymer Sci., Sympo- 

sium n ~ 52, 173 (1975) 
121 M. MASURE, G. SAUVET and P. SIGWALT, J. Polymer Sci., 16, 3065 

(1978) 
m31 G. SAUVET, J.P. VAIRON and P. SIGWALT, J. Polym. Sci., 16, 3047 

(1978) 



705 

14 

15 

Y.Y. FIALKOV, A.P. SHUTKO and P. Ya. MUUR, Khim. Tekhnol., 58 
(1973) 
A. STORR, K. JONES and A.W. LAUBENGAYER, J. Amer. Chem. Soc., 90, 
3173 (1968) 
A. FELTZ, Z. Anorg. Allgem. Chem., 332, 35 (1964) 
H.C.BROWN and H. PEARSALL, J. Amer.--tITem. Soc., 73, 4681 (1957) 
b.O. JORDAN and A.R. MATHIESON, "Cationic Polymer-Tzation and 
Related complexes", P.H. Flesch Ed., 91 (1953) 

191J.P. KENNEDY and R.G. SQUIRES, J. Macromol. Sci. Chem. A__!l, 995 
(1967) 

Received May 8/ Accepted May 9, 198o 


